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Telomerase in (Pre)neoplastic Cervical 
Disease 
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TW* *tudy ws« p**for*»»d to dwx-muie upregulatian of the 
human tebtnerue UNA component (hTR) and OldRNA of the catalytic 
subunit of telomerase (hTERT) in (prc)maEgnant cervical lesions, to 
unstiytt possible intralesional helerti gen city of hTR expression, and 

10 relate hTR and hTERT mXNA levels to telomerase activity levels 
and fcuman papjnomavtru* (HPV) typing. bTK expression was deter- 
mined try In situ hybridization (ISH) on parafnn-efn bedded sections, 
Obtained from patient? vhh cervical intraepithelial neoplasia (dN) 
I-ED or cervical cancer and from normal controls. hTft and hTEKT 
mRNA expression were determined by semiquantitative rt-JPCft on 
frozen Sample* from (he same lesions. Data on telomcra&e activity 
and HFV were obmmed front a previous study. hTR expression as 
determined by ISH was observed in 0 of 8 normal cerviee** X of 14 
CZN 1, 15 Of 23 CIN II, 21 of SO CSS m, and 16 of 18 cervical cancer 
flpacintt&ft. In general, hybridisation patten* for hTR express on 
were homogeneous throughout the laaion. Fr*quaney of hTR e^pra«- 
rion was reltied LO grade of dN/cerrical cancer (P < .001). hTR 
expression! as determined by rfrPCR, was detected hi 8 of 8 normal 
cervices, 2 of 2 CTN t 12 of 14 ON O. Z3 of 25 CIN m, and 16 of 
17 cervical cancer specimens. hTERT mRNA vas detected in I of 8 
normal cervices, 1 of 2 GEN I, 5 of 14 CIN D, 14 of 23 CIN IH, and 

11 of 17 cervical cancer specimens. hTR as determined by n»PCRwa* 



not rclstcd 10 grade of &N/cervical cancer, whereas hTERT mRNA 
«9fpr*fiflion wu related to grade of C3N/ cervical cancer (P < .01). 
hTR expression, a* determined by ISH and hTERT mRNA expres- 
sion by rt-PGR, were related to telomerase activity levels CP < -001, 
P < .05, respectively) and presence of oncogenic types of HFV (both 
P < .OS). Our data show frequent upregulation of hTR and hTERT 
mRNA expression m GIN lesions, which appear to occur earlier than 
induction of telomerase activity. The fact chat semiquantitative 
hTERT mRNA as well AS hTR levels Are related to telomerase activity 
levels Ulustraies chat in (pre)maJigDaBt cervical lesions apregulation 
of both lelomerase components may be important for functional 
tcknncrasc. Hum Pathol 3l:lS04-lSlS. Copyright 6 20N by W.B. 
Snunder* Company 

JGey tacrdsi telomeraae, hTR, hTERT, (pre)mftligiiant Cervix. 

Abbreviation* hTR, human lelomense RNA COrtftponeACj hTERT, 
human tolomerase lease transanptBSBj rt-PGR^ reverse transcrip- 
tion polymerase chain reaction; HFV, human popujbnwirw; CTN, 
cervical intraepithelial neoplasia; ISH, in shu tyfcridfeation; PBS, 
phosphate-buffered saline; £DTA* erhylened'fflPMneteera^Ketic acid; 
DTT, dithiothrehol; M-ITAS, modified internal telomerase assay stan- 
dard; GAPDH, gtyceTaldehyde-S-phosphfitase dehydrog enase. 



Telomerase is a ribonueleoprotein enzyme That 
replaces short stretches of repeat nucleotides 
(TTAGGG) that arc lost from telomeric ends of chro- 
mosomes with each round of replication. The RNA 
component of telomerase contains a segment that is 
used as template. 1 The human telomerase RNA com- 
ponent (hTR) has been cloned by Feng et aL a Recently, 
protein components of the human telomerase also 
have been identified, the telomerasevasgociated protein 
TPl a and the catalytic subunit hTERT- 4 * At present, 
hTERT is often considered to be the rate-limiting com- 
ponent in the formation of functional telomerase,** 10 
However, presence of hTR also appears to be necessary 
for functional telomerase. 13 - 1S In proliferating normal 
somatic cells, absence of lelomerase activity results in 
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progressive telomere shortening to a critical level, at 
which point normal cells will senesce- 1 * Studies both in 
cancer cell lines as well as in human malignant cumor 
specimens, using sensitive polymerase chain reaction 
(PGR) -based telomerase activity assays, have shown 
that, in contrast to normal somatic cells, the large 
majority of malignant cells (>95%) are characterized 
by telomerase activity and thereby unrestricted prolif- 
erative capacity, 1115 Because of its unique expression in 
cancer cells compared with (most) normal somatic 
cells, determination of telomerase activity has been 
suggested as a biomarker for the early detection of 
cancer. 

Ex vivo, in human papillomavirus (HFV) trans- 
formed cervical cells low levels of telomerase activity 
were already found before immortalitation, 1 * Increased 
telomerase activity has also been reported in the large 
majority (>90%) of cervical cancer specimens, whereas 
data on telomerase activity in premalignant cervical 
lesions or cervical intraepithelial neoplasia (CIN) are 
not unambiguous. 1 * M In a previous study, we reported 
that in frozen sections presence and levels of telomer- 
ase activity were related to grade of QN/cancer. How- 
ever, we also observed that telomerase activity levels as 
determined in cervical scrapings were only weakly re- 
lated to telomerase activity levels In frozen sections 
from the same cervical lesion. 21 Among other reasons, 
this frequent discrepancy may be attributable to heter- 
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ogcneity of telomerase activity in (pre) malign ant cervi- 
cal lesions. Studies using in situ hybridisation (ISH) 
techniques for the expression of hTR have not only 
shown dysregulation of telomerase activity and hTR 
expression, but also important heterogeneity in hTR 
expression, especially in premalignant lesions of differ- 
ent tumour types. 24 - 26 

The aims of the current study were (1) to deter- 
mine upregulaoon of hTR expression in (pre)malig- 
nant cervical lesions by ISH and reverse transcriptase 
PCR (rt-PCR), 2) to determine hTERT mRNA expres- 
sion by rt-PCR, and (3) to relate hTR and hTERT 
mRNA expression to telomerase activity levels and HPV 
typing. In addition, application of an ISH technique 
allowed the assessment of possible heterogeneity of 
hTR expression within the cervical lesions. 

PATIENTS AND METHODS 

Tissue Samples 

Tissue samples were obtained from patients who partic- 
ipated in a previously reported study. 21 In short, these pa- 
tients were referred to our outpatient clinic for an abnormal 
cervical smear. Treatment policy was as follows: patients re- 
ferred for 2 smears with mild or 1 smear with moderate 
dysplasia had colposcopy cally directed biopsies. In case of CIN 
I, cytologic follow-up was performed. In case of CIN II or III, 
the transformation stone was excised 4 to 6 weeks later by loop 
excision. Patients referred for severe dysplasia or carcinoma 
in situ in 1 smear underwent colposcopy and loop excision of 
the transformation zone at the same visit. As normal controls, 
specimens of the cervix were obtained from patient!; planned 
for hysterectomy for non cervical nonmalignant disease. As 
cervical cancer controls, specimens were obtained from pa- 
tients already diagnosed with squamous cell cancer of the 
cervix and planned for radical hysterectomy, Patients with 
cervical cancer were staged according to FJGO guidelines. 87 
The study was approved by the medical ethics committee of 
our hospital. Informed cor Went was obtained from all pa- 
tienla. 

Pathologic Examinotion 

CIN was diagnosed and graded according to the criteria 
of the World Health Organisation." The cervical neoplasia 
was classified according to the most severe lesion found by 
histologic examination. AJ1 cervical cancers were classified 
into weU (grade 1), moderately (grade 2), poorly (3), or 
undifferentiated (grade 4) squamous cell carcinoma.* 9 All 
examinations were performed bv 1 experienced gyn^patholo- 
gist (H.H.). 

Frozen Specimens ond Cell Lines 

Fresh specimens from patients undergoing (radical) hys- 
terectomies or loop excision of the transformation 2one were 
obtained as described by Wisman ei al.* 1 Ten consecutive 
frozen sections (25 Mm) were cut t and the first and last 
section were stained with hematoxylin and cosin. The remain- 
ing 8 sections were available for the TRAP assay and for RNA 
isolation. Two sec don ft per TRAP assay were lyied in 100 jjlL 
TRAP lysis buffer (0.5% CHAPS; 10 mmol/L Tris/HCl (pH 
7.5); 1 nimol/L MgCl a ; 1 mmol/L ethyleneglycoltetra-acctic 
arid; 10% glycerol; 5 mmol/L 0-mercaptoethanol; 0.1 



mmol/L phenylmethyl sulfbnyl fluoride and incubated on ice 
for 25 miu- After ccntrifugaiion at lS.OOOg for 20 minutes at 
4°C, the supernatant was quickly frozen in liquid nitrogen 
and ftiored at -80°C until further processing. Four frozen 
sections were used for the isolation of high-quality RNA. 

GLG,, a human small cell long cancer cell line, derived 
from a pleural effusion,* 0 was used for standardisation of the 
semi-quantitative TRAP assay. This cell line is kept in contin- 
uous culture in RPMI 1640 medium (Life Technologies, 
Breda, the Netherlands) supplemented with 10% fetal calf 
serum (Life Technologies, Breda, the Netherlands). For 
TRAP assay, cells were isolated according to Wisman ct al* 1 

In Situ Hybridization 

Pmparatitm and PriHrtatmcnt of Tissw Sections, Formalin- 
fixed paraffin-embedded blocks were cut in sections of 5 urn- 
Tissue section* were deparaffinized (2 times 10 minutes with 
histoclcar), rehydrated (100%, 90%, 70%, 50% and 30% 
EtOH, 1 0 seconds each) , rinsed for 5 minutes in 0-85% NaCI, 
followed by 5 minutes in phosphate-buffered saline (PBS: 6.4 
mmol/L NafiHPO*; 1-5 mmol/L KH 3 PO*; 0.14 mmol/L 
Nad; 2.7 mmol/L KQ [pH « 7.2]). Sections were fixed in 
4% paraformaldehyde (in PBS) for 20 minutes, washed 5 
minutes in PBS, and 'treated in proteinase K buffer^ (40 
mg/mL proteinase R in 50 mmol/L Tris/HCl [pH = 7.5]; 5 
mmol/L ethyienediaminetetra-acetic acid [EDTA]) for 7.5 
minutes. Slides were washed in PBS S minutes and pOfii fixed 
in 4% paraformaldehyde for 5 minutes. Sections were washed 
in H s O and acetylated in freshly prepared 0.25% acetic an- 
hydride, 0-1 mmol/L triethanoJamine for 10 minutes. Sec- 
tions were washed 5 minutes in 0.85% NaCI, 5 minutes PBS, 
and were dehydrated (50%, 50%, 70%. 90%, and 100% 
EtOH, 10 seconds each) before hybridization. 

Prabe Preparation. The riboprobc plasmid containing te- 
lomerase RNA sequences used for RNA ISH is as previously 
described by Soder et al. 81 Probes were labeled wiih ( S5 S)- 
LTP by using an RNA labeling kit (Amersham, Buckingham- 
shire, UK) ■ Transcripts were purified with a Scphadex G-50 
column (Pharmacia Biotech. Benelux. Roosendaal, the Neth- 
erlands), pheno)/ chloroform extracted, precipitated in etha- 
nol, and resuspended in 50 mmol/L diihiothrcitol (DTT). 

Hybridization and Washing Procedure. Hybridization and 
washing procedures were performed according to Soder et 
al. S6 Briefly, sections were hybridized overnight in hybridiza- 
tion buffer (60%,fonnamidc; 10% dextran sulphate; 2X SSC; 
10 mmol/L Tris/HCl [pH « 75]; lx Denhardts; 0.1% so- 
dium dodecyl sulfate; 0.4 mg/mL tRNA; 0.2 mg/mL salmon 
DNA; 50 mmol/L DTT; 50,000 cpm/mL probe) at 52°C. 
Sections were washed 30 minutes In 3X SSC, 0-1 % 0*mercap- 
toethanol at 50 e C, 20 minutes in 50% formamtde, 2X SSC, 
1% 0-mercaptoethanol at 65°C, and twice 10 minutes in 
RNasc A buffer (0.5 mmol/L NaQ; 10 mmol/L Tris/HQ 
[pH = 7.5]; 5 mmol/L EDTA) at 37°C. Sections were treated 
with 20 mg/mL RNaae A in RNasc buffer at 87°C for SO 
minutes, to degrade all single-stranded unhybridized probe. 
Sections were then washed 15 minutes in RNa*e buffer at 
37^, 20 minutes in 50% formamide, 2X SSC, 1% /Vmereap- 
toethanol at 6VC, 15 minutes in 2X S$C at fiO°C. 15 minutes 
in 0.1 X SSC, and dehydrated. Slides were coated with 0.1% 
gelatine, 0.01% chrome alun. After drying, slides were dipped 
in light microscopy emulsion (Amersham, Buckinghamshire, 
United Kingdom) and exposed for 10 days in light-tight boxes 
at 4'C. Slides were developed in 20% phenlsol for 2.5 min- 
utes, washed in 1% acetic add and H s O each for 30 seconds, 
fixed in 50% sodium tbiosulfate for 5 minutes, rinsed in tap 
water for 30 minutes, and counters lained with hematoxylin. 
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The sense probe was used for hybridization as a negative 
control. Tind a non-small cell lung cancer specimen was used 
as > positive control, as described by Soder et al,** which 
allows specific hTR signals. hTR expression in individual 
sections was scored as follow. — , no detection; +, moderate 
hTR expression, and + +, hTR expression was comparable to 
the positive control, which wa$ high. All experiments were 
performed in duplicate. After scoring, results were divided 
into 4 categories: negative, — /-; weak, +/— ; moderate, 
+/+; and high ■++/++. All sections were read independently 
by an investigator (G.BAW.) and a pathologist (H.H.). 

TRAP Assay 

The TRAP assay was performed as previously described 
by Wisman et al. 51 In short, telomerase activity levels in the 
cervical specimen were determined with a fluorescence-based 
telomeric repeat amplification protocol assay by using GLC 4 
cells as standard in each assay. Peaks representing telomerase 
aciivir/ in GLC„ cell equivalents were summed, then relatively 
expressed to telomerase activiry oflOO CLC* cell equivalents 
(set at 100%) and normalized to the signal of the modified 
internal telomerase assay standard (M-ITAS) . Tor the sample* 
(1 fig and 0,1 pig), the peaks representing telomerase activity 
were also summed and normalized to the signal of M-ITAS; 
thereafter, the relative telomerase activity of the specimen was 
correlated to GLC« ceD number (relative quantification com- 
parable to 10 GLC^ cell equivalents = 10 U//tg protein). Data 
on telomerase activity were as reported before* 1 

Reverse Transcriptase PCR 

Isolation cf RNA and Reverse Transcriptase PCR High- 
quality RNA was isolated by tyzing 4 sections of 25 pm in 500 
(xL guanidine thiocyanate buffer (4 mmol/L guanidine thio- 
cyanate; 0.5% n-lauroyi sarcosine; 25 mmol/L sodium citrate 
[pH 7.0], 0.1 rnol/L ^mercaptocthanol) according to Meersma 
et al « The pellet was solubilued in 25 pL DEPC-H 2 0. Before 
cDNA synthesis, RNA was treated with DNase (Roche Diag- 
nostics, Almere, The Netherlands). cDNA vas synthesized 
from 2 cervical RNA as described by the manufacturer's 
protocol (Life Technologies, Breda, the Netherlands) by us- 
ing T'uVN oligo's using 1 jig of GLC 4 total RNA cells as 
standard in each assay. Although hTR is not polyadcnylated, 
it is possible to synthesize cDNA of hTR by using the T X1 VN 
oligos because of the sequence: ACA* from base 169 to base 
176 s , Rt-PCR was performed separately for hTERT raRNA, 
hTR, and a housekeeping mRNA, gryceraldehyde-3-phospha- 
tase dehydrogenase (GAPDH) by using the following primers: 
5XCC AAG ACT GTC TGG AGC AA-3' (forward) and 5'- 
GGA TGA AGC CGA CTC TGG A-3 ' (reverse) for amplifying 
hTERT mRNA M (35 cycles), 5'-TCT AAC CCT AAC TOA 
GAA GGG CGT AW (forward) and 5'-GTT TGC TCT AGA 
ATG AAC GGT GGA AC-'3 (reverse) for amplifying hTR (95 
cycles), and 5'-CAC CAC CAT GGA GAA GGC TGG-3' (for- 
ward) and 5'-CCA AAG TTG TCA TGG ATG ACOS' (re- 
verse) for amplifying GAPDH 3 * (30 cycles). Subsequent dilu- 
tions of cDNA were used for rt-PCR. DNA products were 
electrophoresed in a 2% agarose gel in 3 X Tris-borate EDTA 
buffer, resulting in DNfA fragments of 145 bp, 280 bp f and 200 
bp, respectively for hTR, hTERT, and GAPDH, DNA was 
denatured in 0.5 rnol/L NaOH and 1.5 mol/L Nad and 
neutrali2ed in 0.5 raol/L Tris/HQ (pH = 7.5) and 1,5 
mmol/NaQ, after which the DNA was transferred to a posi- 
tively charged nylon membrane (Roche Diagnostics, Almere, 
The Netherlands) using 10* SSC ON and dried for 2 hours 
at 80 fl C. Prehybridization, hybridisation with probe, preincu- 



bation, incubation with 1:5,000 alkaline phosphatase- corru- 
gated streptavidine. and washing were performed according 
to biodn luminescence detection kit instructions (Roche Di- 
agnostics, Almere, the Netherlands). DNA products were vi* 
sualized by incubation of the membrane with the chcrailu- 
minescence subscrate CPD-Star (1:100), according to the 
supplied instructions (Tropix, Westburg, Leusden. the Neth- 
erlands) and exposure to a film. 

Films were scanned, and densitometry analysis was per* 
formed with Diversity One FDI software (Pharmacia Biotech, 
Roosendaal. the Netherlands) . GAPDH, hTR, and hTERT levels 
in GLG, were set at 100%, Expression levels in the samples were 
relatively expressed to the expression levels in GLG 4 , whereafter 
the expression levels were normalized to the housekeeping gene 
GAPDH. hTR and hTERT expression were scored as follows; 
negative, no detection; very low, expression <10% GLG* low, 
10% i expression < 75% GLC^ moderate, 75% £ expres- 
sion < 200% GLC 4 ; high, 200% S expression < 1000% GLC,; 
very high, 1 ,000% s expression < 2000% GLC V The linearity of 
the densitometry was 0.06, when the signal is not salaried and 
not too faint To accomplish a correct measurement of the 
signal, several dilutions were made of the cDNA_ All experiments 
were performed in duplicate. 

Probe PreporaHon. The probes used for rt-PCR were la- 
beled with 0.4 mmol/L biotin-14-ATP by using PCR with the 
DNA products of the rt-PCR as template (Roche, Almere, The 
Netherlands). Transcripts were purified with a PCR column 
(Qiagcn, Wcstburg. Leusden, the Netherlands). 

HPV Typing 

DNA was prepared from pellets obtained from cervical 
scrapings by using the guanidium isothiocyanate-diatom proce- 
dure. 54 HPV typing was performed as described previously. 41 

Statistics 

Associations between numerical parameters were ana- 
lyzed with the ehi-«quare test wiih Yates* correction for small 
numbers. Rank correlations were calculated by the method of 
Spearman. All tests were 2-sided; only /lvalues < .05 were 
considered significant. 

RESULTS 

Patients 

From December 1995 to April 1997, 77 consecutive 
patients with abnormal cervical smears were included in 
the study. Final histologic diagnoses were I, n = 14; 
QN II, n = 28; QN m, n = 30, and cervical cancers: n = 
5 (FIGO stage la: n « 1, lb: n = 3 ( Ha: n = 1). Paraffin- 
embedded tissue was available from all of these patients 
(from either biopsies or loop excision samples). As con- 
orols, 8 normal cervix and 13 cervical cancer specimens 
with FIGO stage lb (n = 4), Ila (n 7), lib (n = 1), and 
IV (n = 1) squamous cell cervical cancer were obtained 
from patients consecutively treated in our hospital in the 
same period. Frozen samples for telomerase activity were 
available from 74 of 98 patients, because frozen sections 
from GTN or cancer patients were only used in the study 
when in the Arst and last hematoxylin and eosin-stained 
sections dysplas tic/rumor cells were observed. Because of 
the small sample and the fact that samples were only 
eligible when dysplastic cells were present in the first and 
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last section, frozen samples for RNA isolation were avail- 
able from 64 patients. Because our treatment policy in 
patients with CIN I routinely Is cytologic follow-up, frozen 
sections were only obtained from 2 patients with CIN I in 
their biopsy who opted themselves for excision of die 
lesion. All biopsy specimens from patienu with CIN con- 
tained 1% to 10% of dysplasoc cells. 

hTR In Situ Hybridization 

Figure 1 shows representative examples of in situ 
hTR expression pattern. Figure 1A shows no hTR ex* 
prcssion, whereas Figure IB and 1C shows moderate 
hTR expression in a CJN III lesion and a cervical cancer 
lesion. The normal surrounding cells again did not 
exhibit hTR expression. Figure 2A and Table 1 summa- 
rize hTR expression determined by ISH in the different 
categories of cervical lesions. hTR expression was not 
observed in normal cervices (n = 8). In 1 of 14 (7%) 
CIN I lesions, hTR was moderately expressed. In CIN II 
lesions, 15 of 28 (54%) showed hTR expression. Of 
diese 15 positive lesions, 10 (36%) showed weak, 4 
(14%) moderate, and 1 (4%) high hTR expression. In 
21 of 30 (70%) CIN HI lesions, hTR expression was 
found. From these 21 positive lesions, 5 ()7%) showed 
weak, 12 (40%) moderate, and 4 (13%) high hTR 
expression. In cervical cancers, 16 of 18 (89%) were 
hTR positive. From these 17 positive specimens, 3 
(17%) were weak, 10 (55%) moderate, and $ (17%) 
high for hTR expression. Levels and presence of hTR 
expression were related to grade of CIN and cervical 
cancer (r = 0.59, P< .001; r = 0-56, P< .001, respec- 
tively). Although semiquantitatively determined, mod- 
erate or high hTR expression was more frequently ob- 
served in CIN Ill/cervical cancer lesions in comparison 
with CIN II lesions (P< .001), pointing to higher hTR 
expression levels in higher-grade lesions. 

In general, hybridization patterns for hTR expres- 
sion were homogeneous throughout the bTR-positive 
CIN and cervical cancer lesions, and no important 
imralesjonal heterogeneity was observed. In lower- 
grade lesions, the hTR-positive cells were primarily 
observed in the (dysplastic) cells of the basal layer, 
whereas in higher-grade lesions, hTR-posirivc cells were 
observed throughout the full thickness of the lesion. 

hTR and hTERT mRNA Reverse 
Transcriptase PCR 

Figure 3 shows a representative hTR and hTERT 
mRNA rt-PCR in 2 cervical specimens. Figure 2B, Fig- 
ure 2C f and Table 1 summarize the levels and posidviry 
of hTR and hTERT mRNA in CIN lesions and cervical 
cancer specimens as determined by rt-PCR- Jn contrast 
to hTR as determined by ISH, hTR expression as de- 
termined by rt-PCR was detected in almost every nor- 
mal cervix, CIN, and cervical cancer lesion. Although 
the presence of hTR by n-PCR was not related to grade 
of ClN/cervical cancer, semiquantitative levels of hTR 
expression showed a trend with grade of CIN/cervical 
cancer (r = 0.24, P - .06). Semiquantitative hTR ex- 





FIGURE 1. In situ detection of hTR expression. (A) No hTR 
expression in o normal cervix. (Original magnification x^OD.) 
(B) Moderate hTR In a cervical Intraepithelial neoplasia (CIN) 
grade III lesion. (Original magnification xdOO). Normal sur- 
rounding colli did not exhibit hTR expression. (C) Moderarre hTR 
in a cervical cancer lesion. (Original magnification x^OO.) 



presslon levels as determined by rt-PCR showed a trend 
with hTR levels as determined by ISH (r = 0,23, P - 
.07). hTERT mRNA was expressed in 1 of 8 (13%) 
normal cervices, in 1 of 2 (50%) CIN I. in 5 of l4 (36%) 
CIN U, in 14 of 23 (61%) CJN 111, and in 11 of 17 (65%) 
cervical cancer lesions. Semiquantitative levels and 
presence of hTERT mRNA were related to grade of 
CIN/cervical cancer (r = 0.32, P < .01, both). 
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FIGURE 2. Relative hTR expression as determined by ISH tn 
paraffln-^mbecided material (A), relottv© hTR expression (B), 
and hTERT mRNA (C). as determined by rt-PCfc in normal cer- 
vices. CIN l-III. and cervical cancer (CC), 

hTR and hTERT mRNA Expression in Relation 
to Telomerase Activity 

Data on telom erase activity were obtained from a 
previous report.* 1 Figure 4 shows the relation between 
hTR expression levels as determined by ISH and telom- 
erase activity levels, whereas Table 2 shows presence of 
hTR in relation to presence of telomerase activity. Five 



hTERT 

HGURE a. Representative blot of GAPDH, MR and nTERT 
rt-PCR in o cervical cancer specimen, a CIN III lesioa ond a 
normal cervical specimen. Subsequent ctfutlonj (0*, 5*, and 
25*) of cDNA were used for rr-PCR. 



of 29 (17%) specimens negative for hTR showed telorn- 
erase activity, of which 1 sample showed very high 
telomerase activity. Telomcrase activity was observed in 
4 of 13 (31%) specimens with weak, 14 of 24 (58%) 
specimens with moderate, and 6 of 8 (75%) specimens 
with high hTR expression. hTR expression levels and 
presence bv ISH were related to telomerasc activicy 
levels and presence (r = 0.45: P < .001; r =» 0.36, P < 
,01, respectively). In 21 lesions hTR expression (9 weak, 
10 moderate, and 2 high) was observed, whereas no 
telomerase activity was detected- 

Figure 5 and Tabic 2 show hTR and hTERT mRNA 
expression levels and presence as determined by rt-PCR 
in relation to telomerase activity. Semiquantitative hTR 
levels as well as hTR presence were not related to 
semiquantitative levels or presence of telomerase activ- 
ity. Presence of hTERT mRNA expression was related 
to posidvity of telomerasc activity (r = 0.29, P < -05), 
whereas semiquantitative levels of hTERT mRNA 
showed a trend with telomerase activity levels (r= 0.23, 
p = ,07). However, 23 specimens were discordant for 
hTERT mRNA expression and telomerase activity. 

hTR and hTERT mRNA Expression in Relation 
to HPV Type 

HPV data were available for 85 of 98 patients. 21 
Table 3 shows hTR expression as determined with ISH 
in relation to HPV type in the different categories of 



Table 1 * Prevalence of Telomerase Components in Normal Cervical Specimens, CiN MIL ond 

Cervical Cancer (CC) Specimens 





Normal <%) 


CIN I (*) 


c:in u {%) 


CIN in (%) 


CC {%) 


ISH 

hTR 
n-PCK 

hTR 

hTERT mRNA 


8/8(100%) 
l/8(iS%it 


1/14 [!%)* 

2/2 (100%) 
1/2 (50%)f 


15/28 (54%) 

V>/\4 (66%) 
5/J4 (Hfi%)t 


21/30 (70%)* 

23/25(100%) 
14/23 (61%)t 


lfl/lB (89%)* 

16/17 (94%) 
11/17 (65%)f 



Nou?. n and /^vaku- were presented if P < .05: relation between LelomeraSe component* And grade of ON*/ cervical cancer, 
Abbreviations: ISH, in situ hybridization; n * PGR, reverse transcription polymerase chain reaction: hTR* human telomcrase RNA 
n»mportf.nt; hTERT, human telomenue reverse irantcripUse. 
*r = 0.. r )fi; P< .001. 
fr * 0.S2: P < .01 . 
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FIGURE 4. Relotrve hTR expression as determined by ISH In 
relation to telomeres© activity levels as determined in the 
some lesions. 



lesions. Oncogenic HFV was detected in 76 of 86 pa- 
tient (90%) (HPV 16; n = 60 [71%], other oncogenic 
HPV types [18, SI, 33, 52, 56, 58, 66, 68, 73]; n = 16 
[19%]). HPV 6 was detected in 1 patient, whereas in 8 
patients (9%) no HPV DNA was detected. hTR expres- 
sion levels and presence of hTR were related to pres- 
ence of oncogenic HPV (r- 0.27, P< .05; r - 0.24, P< 
.05, respectively). No hTR expression was found in 6 of 
8 HPV-negarive lesions (no CIN; n = 1, C1N II: n = 4, 
C1N III: n p= 1), whereas detectable hTR expression was 
observed in 49 of 76 oncogenic HFV-positive lesions. 

HPV data were available from 52 of 64 patients 
analysed for hTR and hTERT mRNA expression, as 
determined by n-PCR (data not shown), Detectable 
hTR expression was observed in all 5 HPV-negarive 
lesions and in 44 of 46 oncogenic HPV-positive lesions. 
Semiquantitative hTR expression levels and presence of 
hTR as determined by n-PCR were noi related to pres* 
ence of oncogenic HFV. hTERT mRNA expression was 
not detected in 5 of 6 HPV-negative lesions, whereas 
hTERT mRNA was observed in 28 of 46 oncogenic 
HFV-positive lesions. Presence of hTERT mRNA was 
related to presence of oncogenic HPV (r - 0.28, 
P< .05). 



DISCUSSION 

Our study shows that higher aemiquantitative ex- 
pression of both hTR, as detected by ISH, and hTERT 
mRNA, as determined by rt-PCR, are related to higher 
grade of (pre) malignant cervical lesions. In a previous 
study, we already reported that upregulation of telom- 
erase activity also occurs more frequently in higher- 
grade CIN and cervical cancer lesions- 21 Our combined 
data suggest that hTR and hTERT mRNA are fire- 
quendy upregulated in an earlier stage of cervical car- 
cinogenesis than telomerase activiry, because, in con- 
trast to telomerase activity, higher levels of bTR and 
hTERT mRNA were already detected in most CIN II 



lesions. By rt-PCR, a much more sensitive assay dian 
ISH, hTR' was detected in virtually all lesions, thereby 
precluding any further analysis of relations between 
presence of hTR by rt-PCR with other parameters, such 
as telomerase acuvity, HPV type, etc However, because 
our rt-PCR has a semiquantitative character, we were 
able to relate semiquantitative hTR levels to other pa- 
rameters. The fact, however, that we only observed a 
crend between hTR levels as determined by ISH and 
n-PCR illustrates the true semiquantitative character of 
both assays. 

Reccndy, Yashima et al S5 also examined hTR ex- 
pression in (pre)maiignant cervical lesions by ISH. In 
their study, weak hTR expression was present in normal 
and low-grade CIN specimens (n = 21), mostly limited 
to the basal layer, whereas all high^rade CIN (n = 14) 
and cervical cancers (w = 13) displayed hTR expres- 
sion. In concordance with our study, upreguladon of 
hTR expression was related with severity of the under- 
lying lesion. Soder et al 5 ^ reported bTR expression, as 
determined by ISH, in 29 of 67 (43%) cervical cancer 
lesions and in 8 of 20 (40%) prcmalignant cervical 
specimens. In contrast to our study, no data were avail- 
able in these 2 studies on telomerase activity levels in 
the specimens analyzed for hTR expression. 25 - 46 

In our study, hTR expression by ISH was related to 
telomerase acuvity levels, although some specimens 
showed telomerase activity, but no hTR expression by 
ISH and vice versa. Other studies in different tumor 
types also have shown upregulapon of hTR before up- 
regulation of telomerase activity,* 4 '**- 38 In most of these 
studies, hTR expression was determined by Northern 
blot analysis or rt-PCR. The opposite possibility, no hTR 
expression, but detectable telomerase activity may be 
due to low hTR expression, probably below the detec- 
tion limit of the applied in situ technique. This hypoth- 
esis is confirmed by the fact that in the current study 
simultaneous analysis of hTR by rt-PCR and ISH 
showed that low levels of hTR were detectable in virtu- 
ally all lesions, including normal cervices when rt-PCR 



Table 2. Telomerase Activ'ry »o Relation to 
Prevalence of Telomerase Subuntts 

Telomerase Activity 



+ {%) 



ISH 
hTR 

rt-PCR 
hTR 

hTERT mRNA 



+ . 
+ 

+ 



24 (83%)* 
21 (479fc)* 

1 09%) 
38 (62%) 
24 I75fc)t 
15 (47%)t 



5 (17%)* 
24 (53%)* 

2 (67%) 
23 (38%) 

8 (25%)t 
}7 (5S%) t 



Note, r- and P-vjJues were presented if P < .05: Relation between 
posiuve iclomcrajc activity and positive lelomerwe components. 

Abbreviations; ISH, in sicu hybrid! wiion; hTR, human lelomewc 
RNA component; rt-PCR. reverse transcription polymerase chain re- 
dOiun; hTERT, human telomerase reverse Lramcripuise, 

»r= 0.36: P< .01. 

tr = 0.2$ f> < .OS. 
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FIGURE 5. Relotlve hTR expression (A) and hTERT mRNA expression (B) 05 deTermined by rt-PCR In relation to telornercase octlvhy 
levels os determined in T»e same lesions. 



was used. Another explanation for no hTR bui detect- 
able lelomerase activity might be heterogeneity of hTR 
or tclomerase activity in the specimen*. However, we 
did not observe important heterogeneity in hTR ex- 
pression when using ISH. With regard to telomere 
activity ax present no assays, applicable on tissue sec- 
dons are available to determine possible intralesional 
heterogeneity. 

Our data on hTERT mRNA expression in cervical 
lesions show a relationship to positive telorn erase active 
icy, although some specimens show hTERT mRNA but 
no lelomerase activity, and vice versa. Other studies on 
hTERT mRNA expression in cervical specimens, stud- 
ied with rt-PCR, 51 * 40 are in agreement wkh our results. 
They showed hTERT mRNA expression in 0 to 100% 
normal cervices, whereas 80% to 100% of the cervical 
cancer specimens were positive for hTERT mRNA.^ 40 



hTERT mRNA expression is related to presence of 
telomcrase activity, is also related to grade of severity of 
the cervical lesion, and hTERT mRNA is earlier upregu- 
lated than telomerase activity. 53 ' 3 * Detectable hTERT 
mRNA expression, but no lelomerase activity, can be 
attributable to upregulation of hTERT mRNA before 
telom erase activity. Furthermore, hTERT mRNA can 
consist of various splicing variants, in which deletions 
or inserts are found, resulting in different levels of 
tclomerase activity. 5 41 In our study, only levels of total 
hTERT mRNA were determined. The opposite possi- 
bility, no hTERT mRNA expression, but detectable te- 
lomerase activity, may be attributable to low hTERT 
mRNA expression. From several reports, ii is suggested 
that hTERT is the rate-limiting factor for telomerase 
activity, 7 - 10 whereas recently, other groups suggested 
diat hTR is also necessary for functional telomerase. 11,1 2 



TTabl© 3. hTR Expression in Relotion to HPV Type In Normal Cervical Specimens. CIN Mil and 

Cervical Cancer (CC) Specimens 



HPV Type 

Relative hTR 





Expression 


0 (%)* 




1(3, etc <%) 


16 (%) 


NE 


Total 


Noitn>l 


Negative 


1(50) 






1 (50) 


6 


8 


CIN I 


Negative 
Moderate 






4 (55) 


7 (64) 
I (100) 


2 


13 
1 


CIN II 


Negative 


4(36) 




2(18) 


5(45) 


2 


13 




Weak 


2 (22) 


1 (D) 


2 (22) 


4 (44) 


1 


10 




Moderate 








4(100) 




4 




High 






1 (JOO) 






1 


ON III 

cx: 


Negative 

Weak 

Moderate 

Hfch t 

Negative 

Weak 

Moderate 


1 OA) 




1 (IS) 

2 (50) 

1 O00) 

3 (30) 


6 (75) 
5 (100) 

12 (100) 

2 (50) 

3 (100) 

7 (70) 


1 
) 


9 

5 
12 
4 

3 
10 




High 








3 (100) 




3 


Total 


8(9) 


1 (1) 


16 (19) 


60 (71) 


13 


98 



Abbreviation: NK, noi evaUuible. 

*rerceniapes arc calculated per Loial number of cvaluable paUenu; in each class per caiegory of hTR expression. 
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We showed, in our group of cervical specimens, thai 
not only was hTERT mRNA important for telomerase 
activity but also elevated levels of hTR. 

HPV infection is considered to be an important 
causative factor in cervicaJ cancer and may also influ- 
ence Lelornerase expression. Ex vivo studios showed 
that transfection of normal epithelial cervical keratino- 
cytes with the HFV 16 E€ gene resulted in telomerase 
activation even before the occurrence of "crww." 1 * We 
and others reported on telomerase activity in cervical 
cancer in relation to HPV cype. 1 ™ 1 '"- 45 - 4 * From these 
studies, it appeared that telomerase activation can oc- 
cur in (pre)neoplastic lesions independent of HPV. In 
ihe current study, wc report for the first time hTR and 
hTERT mRNA expression in relation to HPV type. In 
contrast to other reports on telomerase activity, our 
data show that hTR expression, as determined by ISH, 
and hTERT mRNA expression, using rt-PCR, are re- 
lated to the presence of oncogenic HPV type. These 
data suggest that hTR as well as hTERT mRNA are 
upregulated after infection with an ongenic HPV type, 
which are important for immortalization of the cell. 
This confirms that positive cervical specimens for on- 
genic HPV are more prone to develop cervical cancer. 

In our previous study on telomerase activity in 
(pre) neoplastic lesions, we speculated that CIN lesions 
with increased telomerase acuvity may represent more 
"advanced stage" CIN lesions, and we also suggested 
that determination of telomerase acuvity might have 
value as a biomarker for progressive or persistent CIN 
lesions." In the current study, we observed moderate 
or high hTR expression in 15% CIN II and 45% CIN III 
lesions and hTERT mRNA expression in 36% CIN II 
and 61% CIN III lesions. Only longitudinal noninter- 
vention studies in CIN patients will answer the question 
of whether determination of telomerase activity, hTR 
levels vising either ISH or rt-PCR, or hTERT mRNA 
expression indeed may have value in prediction of pro- 
gression or persistence of CIN lesions. 

Another relevant outcome of our previous study 
was that determination of telomerase activity in cervical 
scrapings had a low sensitivity for the detection of CIN 
and cervical cancer. 21 Among other factors, rapid deg- 
radation of telomerase in cervical mucus may explain 
this low sensitivity. In urine samples from bladder can- 
cer patients, Mullet et al 37 reported rapid degradation 
of telomerase. activity, whereas hTR levels as deter- 
mined by rt-PCR remained stable, leading to much 
higher sensitivity for detection of bladder cancer, Data 
from our study suggest that hTR levels using ISH are 
lower in normal cervix and CIN I in comparison to, 
especially, CIN III and cervical cancer. Furthermore, wc 
and others suggest that hTERT mRNA is more often 
upregulated in CIN III and cervical cancer than in CIN 
I and CIN IL Therefore, we are evaluating the possible 
value of hTR or hTERT mRNA determination, either 
by ISH or by rt-PCR in cervical scrapings for the detec- 
tion of CIN and cervical cancer. 

In conclusion, our study shows frequent upregula- 
tion of hTR and hTERT mRNA expression in cervical 
carcinogenesis, whereas hTR and hTERT mRNA ex- 



pression also appears to be upregulated earlier in cer- 
vical preneoplastic lesions when compared with telom- 
erase activity. Additional analysis of hTR using rb-PCR 
showed that hTR could be detected in almost every CIN 
lesion and cervical cancer specimen. Our data illustrate 
that not only hTERT mRNA. but also upregulated hTR 
levels, may be important for functional telomerase. 
Whether or not determination of hTR levels by using 
ISH or determination of hTERT mRNA expression in 
CIN lesions may have value as possible biomarkers for 
persistent/progressive disease has to be evaluated in 
larger longitudinal studies without therapeutic inter- 
ventions. 
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